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Abstract

In this chapter, we will discuss unsupervised learning in general terms. An
individual engages in unsupervised learning when they have only access to
the input data and do not have access to the corresponding output variables.
Unsupervised learning has as its goal the manipulation of the underlying
structure and distribution of data to better understand it. Because, unlike
supervised learning, which was previously discussed on this thread, there
are no correct answers and no instructor present, these are referred to as
unsupervised learning. To discover and present the interesting structure
within the data, algorithms are left to their own devices. Unsupervised
learning problems are further divided into two types: clustering problems
and association problems. Clustering problems are the most common type
of unsupervised learning challenge.

Introduction

In machine learning (ML), knowledge is acquired with the primary goal of generating judgments
and recommendations[1]. As depicted in Figure 1, the many learning approaches employed in
ML can be generically classified into 4 categories: supervised learning, unsupervised learning,
semi-supervised learning, and reinforced learning. A part of supervised learning, classifiers are
trained with previously collected data in order to predict or classify previously unobserved
instances[2]. A unique feature of Unsupervised learning is that it could obtain the end result from
any form of incoming data through it encounters a lack of specific outcome variables or terms.
Semi-supervised learning has the ability to build itself from a little portion of labeled data that is
later used by the system to segregate the rest of the data, which is highly used in retraining the
model after it has been trained[3]. Using rewards and penalties, Reinforcement learning helps in
effective interaction with a frequently changing environment to attain specific objectives with all
its available possibilities, depending on rewards owned by the system[4]. Without guidance,
unsupervised learning is a way of teaching a machine to identify patterns in data that have neither
been classed nor labeled and then lets the algorithms conduct the investigation without direction.
In this case, the device's objective is to classify unsorted material based on the similarity,
structures, and differences, without the benefit of any past training data[5][6][7].
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Figure 1.Machine learning Approaches

Without corresponding output labels, an unsupervised study incorporates identifies exciting
insights based on the input without using labels. Given that unsupervised learning identifies
separate classes without the assistance of an instructor, the precise labeling must be explicitly
determined[8-9]. For the most part, unsupervised learning outcomes necessitate user intervention
to ensure that the intended classes are correctly identified. Furthermore, although unstructured
data is better suitable for practical applications than supervised learning due to the fact that it is
more subjective and does not have the explicit purpose of response prediction, its use is
expanding all the time [10]. Unsupervised learning is used in various applications, including non-
wired digital communication, in the biological sector under DNA classification, building self-
learning systems, and others[11,13].

Usage of electrical machines are abundant in recent years, online tracking of those machines
without a break is being a challenging task, mainly due to the factors such as weak defective
training and test data that sounds high for the improper function of many operating conditions of
an electrical machine[12]. Nevertheless, unsupervised learning does provide the possibility of
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categorizing and grouping computer reactions over time in a way that can be utilized to detect
significant changes in the health of the machine [13]. To be realized, however, Adopting
unsupervised learning had paved the way to realize the importance of using fault tolerance
methodologies for good product/system outcomes, also that can be implemented without making
use of training data. The unsupervised technique of clustering is used in this study to evaluate a
prospective predictive maintenance solution [14].

Clustering is essentially a technique for identifying unique groups or classes of observations ina
collection of observations. In its most basic form, the similarity between two observations is
quantified by the distance between them in the feature space of the observations. In order to
quantify the similarity between an instance and a centroid, the Euclidean distance approach is
typically utilised[15][16].

After everything is said and done, clustering is a robust tool used in learning and picturing newly
arrived data sets. Also, they have been greatly employed in clustering the instances for modeling
reasons. It has been represented as a tree structure, with each node corresponding to a separate
cluster. Hierarchical clustering can be described as follows: Divisive and agglomerative methods
works on split and join nature of clusters that exist which provides much more abstraction of data
sets[17]. Several studies have discovered that hierarchical clustering is ideal for small datasets,
but partitioning clustering is better suited for large datasets. K-means clustering is one of the
most widely used classification techniques nowadays.

Types
Unsupervised Learning Algorithms are classified into the following categories[18]:

Itis possible to divide the challenges addressed by the unsupervised learning algorithm into two
categories:

Clustering: Clustering is a method of organizing things into clusters [19] so that objects with the
most significant amount of similarity remain in one group and have little or no similarity with
products in some other group. Cluster analysis have been employed in identifying similarities
across data objects and represent those data objects based on the existence of such attributes in
the data objects, It is a technique used in data mining.

Association Rules: An association rule is an unsupervised learning strategy [20] that is used to
discover correlations between variables in a vast database of data. This function determines a set
of items that occur together in a dataset. The business model becomes more effective as a result
of the association rule. For example, people who buy a U item (badminton bat) are more likely to
buy a V item (shuttle cork) [21].

» Clustering can be classified into several categories

Cluster can be classified into two types of subgroups, according to their function[22]:
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Hard Clustering: Inthis clustering, each data will contribute to a group totally or not relate to a
group. For illustration, every customer is assigned to one of the ten categories described in the
preceding example.

Soft clustering: The term "soft clustering™ refers to the process of assigning a likelihood or
probability within each data set being in each cluster, rather than placing each piece of data into a
splitting criterion[23]. For example, in the situation described above, each customer is allocated a
likelihood of being in one of ten clusters of the retail store based on their location.

There are many different types of clustering algorithms.

Because clustering is a subjective endeavour, the number of approaches employed to achieve this
goal is numerous. Furthermore, every approach has its own set of principles for determining the
degree to which two data points are similar to one another. In reality, there are over 100
clustering methods that have been discovered.

Connection models: This concept is for the closer models in the data space, which makes them
greater in similarity with each other than the data points that are away in data space. Two ways
can be used with these models. When using the first strategy, they begin by categorizing all data
points into independent clusters and then aggregate them when the distance between the data
points reduces[24]. The second strategy takes the work of splitting the data points that belongs to
a single cluster, and then they have been classified based on the distance calculated between
those data points. Furthermore, the selection of the distance function is a matter of personal
preference. These models [25] are relatively simple to interpret, but they do not have the
scalability to handle large datasets. Models such as the hierarchical clustering algorithm and its
modifications are examples of this type.

Centroid models are iterative clustering methods in which the notion of similarity is obtained
from the proximity of a data set to the center of the groups, as opposed to the notion of similarity
derived from the distance between two data points. In this category, the K-Means [26] clustering
algorithm is a standard algorithm that is used in many applications. Because the number of
clusters necessary at the end of these models must be specified in advance, it is critical to have
foreknowledge about the dataset in question. These models run iteratively in order to locate the
local optima [27].

Cluster models based on distribution models: These clustering models are based onthe notion
of how likely it is that all data sets in a group correspond to the same distribution (For example,
Normal, Gaussian)[28]. Regularization is a common problem with these models. An instance of
some of those models is the Expectation-Maximization algorithm, which makes use of
multidimensional normal distributions to achieve the best possible result.

Density models: As the name suggests, the models under this category are used in discovering
the pattern of data points in the given data space. They may be varying in densities of the applied
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data points, too, and they are also known as density models. It separates several different
concentration zones and assigns the data sets contained in these sections to much the same
grouping as the data points outside these regions. DBSCAN and OPTICS are two examples of
density models that are widely used.

» K- Means Clustering

K-Means learning model is a learning approach that can be used to group data. In contrast to
supervised learning, there is no labeled data for this grouping to work. It is performed using K-
Means clustering, which involves grouping things into groups that have commonalities to one
another but are distinct from the things relating to some other cluster. The letter 'K' represents a
numerical value. You must tell the system how many clusters you require it to construct before it
can proceed. For example, the number K = 2 denotes the presence of two clusters[29]. There is a
method for determining the best or optimum value of K for a given set of information. Let us
look at a cricket game to grasp better what k-means are and how they work. Consider the
following scenario: you have received data on many cricketers from all across the world, which
provides data on the goals allowed by the participant and the wicket made by him in the last ten
matches. As a result of this information, we need to divide the data into two groups: the batsmen
and the bowlers.

Steps

1. k-means clustering begins with the allocation of two centroids at random (since K=2) [30],
which is the initial stage. Centroids are two points that have been given to them. It is
significant to mention that the spots can be located everywhere because they are chosen at
random. Although they are referred to as centroids, they are not necessarily the center of a
given data collection at the outset.

2. The following method calculates the length between all the centroids' data points that were
allocated at random. For each point, the range between it and both centroids is determined.
The point with the shortest distance is allocated to the centroid with the least distance [31].

3. In order to identify the accurate centroid for these two clusters, the next step must be
completed. In order to move the original randomly assigned centroid to the actual centroid of
the clusters, the original randomly assigned centroid [32] must be moved.

4. The procedure of determining the distance between two points relocates the centroid. After
that, the centroid repositioning comes to an end.

» Distance measure by K-means

It follows four types of distance measures

a. Euclidean Distance Measure

The most frequently encountered situation is estimating the difference betweenthe two places. A
straight line is a euclidean distance [33] between two points, P and Q, if we have two points, P
and Q. It is the distance between two points in Euclidean space measured in meters.
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b. Measurement of Manhattan Distance

It is also the addition of the horizontally and vertically components, or the difference between
two grid points across planes at odd angles, referred to as the Manhattan distance. It is important
to note that we will be calculating the absolute number in order to avoid the effects of negative
numbers.

c. The Euclidean Distance Measurement Squared

This measurement is similar to the Euclidean measuring distances, with the exception that this
does not include the absolute value at the end [34].

d. Measurement of Cosine Distance

In this scenario, the ratio between both the two lines created by linking the origin point is taken
into consideration.

Hierarchical clustering

Hierarchical clustering can be another unsupervised learning approach used to bring together
unstructured data points with similar features[35] [36]. For example, hierarchical clustering has
been used to combine unprocessed data points that have similar properties. The methods used in
hierarchical clustering can be divided into two types.

Every data point is defined as a separate cluster in hierarchical clustering algorithms, which then
progressively combine or agglomeration [37] (bottom-up technique) the pairs of clusters that this
treatment has formed. Finally, a dendrogram, often known as a tree structure, depicts the
hierarchical relationship between the groups.

In contrast, agglomerative hierarchical algorithms [38] treat all pieces of data as if they were part
of a single large cluster, with the process of clustering involving the division (Top-down
approach) of the single large cluster into numerous small clusters. As a result, agglomerative
hierarchical algorithms are used in a variety of applications.

» Performing Agglomerative Hierarchical Clustering

Steps to Take we will discuss agglomerative hierarchical clustering, which is the most widely
used and essential type of hierarchical clustering. Here are the steps to follow in order to
complete the task:

Step 1: Treat each data point as though it were a separate cluster. As a result, we will have, say,
K clusters at the start of the game. Thus, in the beginning, the number of data points will also be
K.

Step 2: In this step, we will link two data points that are close to one other to build a larger
cluster. Thus, the total number of K-1 clusters will be obtained.

Step 3: In order to create more clusters, we must join two closet clusters together. Thus, the total
number of K-2 clusters will be reached.
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Step 4: To combine all of the data points into a single large cluster, repeat the previous three
stages until K =0, i.e., no more data points to connect.

Step 5: Finally, after creating a single large cluster, dendrograms will be used to divide the
cluster into numerous smaller clusters, depending on the nature of the problem.

»> Distance Measure

The distance between adjacent clusters is easily observed nearest to each other is critical for the
hierarchical clustering process. There are several methods for computing the difference across
two clusters, and the method used to compute the size determines the grouping rule. These kinds
of metrics are referred to as linking methods. Some of the most widely used linkage techniques
are listed below:

Single Linkage: This is the smallest link between some of the locations of the groups that are
nearest to each other [39].

Complete Linkage: This is the radius points of two separate clusters that can be traveled in one
direction. It isamong the most widely used linkage strategies because it results in more compact
groups than single-linkage.

Average Linkage: When estimating the difference between two clusters, it is necessary to add
up the difference between each pairing of datasets, which can then be divided by the larger
dataset in order to get the average distance between two clusters. It is also one of the most widely
used ways of connection in the world.

Centroid Linkage: In this method of linking, the distance between each cluster's centroid is
computed using the centroid distance formula.

Conclusion

Unsupervised learning and supervised learning are often discussed interchangeably. Supervised
learning algorithms make use of labeled data. The system takes the collected data and assigns it
to specific categories based on whether or not it can predict future outcomes. Manual
intervention is typically required with supervised learning algorithms, but they allow for more
accurate predictions. In contrast, labeled datasets assist supervised learning algorithms by
limiting computational complexity without the need for an extensive training set. Regression and
classification are among the most commonly used regression and classification techniques. Task
subdivision could be based on the number of examples, categorical attributes, percentage of
missing data, and entropy of classes. A lengthy list of data and statistical details are provided on
a dataset. To use multiple algorithms, the user must better understand each method's strengths
and weaknesses. We might not be able to identify a single classifier that is as effective as a
compelling ensemble of classifiers.
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